Peatland ecosystems store about 500-600 Pg of organic carbon, largely accumulated since the last glaciation. Whether they continue to sequester carbon or release it as greenhouse gases, perhaps in large amounts, is important in Earth's temperature dynamics. Given both ages and depths of numerous dated sample peatlands, their rate of carbon sequestration can be estimated throughout the Holocene. Here we use average 30 values for carbon content per unit volume, the geographical extent of peatlands, and ecological models of peatland establishment and growth, to reconstruct the timetrajectory of peatland carbon sequestration in North America and project it into the future. Peatlands there contain ~163 Pg of carbon. Ignoring effects of climate change and other major anthropogenic disturbances, the rate of carbon accumulation is projected to 35 decline slowly over millennia as reduced net carbon accumulation in existing peatlands is largely balanced by new peatland establishment. Peatlands are one of few long-term terrestrial carbon sinks, probably important for global carbon regulation in future
, again fitted by a customized computer program using simulated annealing.
Combining the results of the prior two steps with equation 4, Table 1 , gives total peatland carbon accumulation and rate of accumulation in both the past and future. The curve in Fig. 4 , with its 95% confidence intervals, is the result, with parameters s = 0.0602 and H*=434.5. This step employed a standard computational package (Mathematica). 130
Results
Peatland initiation lagged behind deglaciation ( Fig. 3 ), probably as a result of several causes: slow migration of peatland plant propagules, time to drain large postglacial lakes, filling lakes by sediment prior to peat deposition, impedance of upland drainage by leaching and formation of relatively impermeable iron "pans" in sandy soils, regional 135 rises of sea level, regional isostatic rebound, and slow migration of beaver into deglaciated landscapes (Gorham et al., 2007) .
At 9,000 BP most peatlands were newly formed. Today the most common age is about 7,000 years. Peaks of age distribution shift right with time ( Fig. 5) , so that 5,000 years from now the average peatland will be 12,000 years old and only about 1% will be 6 initiating. The present pattern of rise and decline in peatland age is explained in Fig. 3 . Rate of initiation first increased because deglaciation released suitable sites almost linearly. By 7,000 BP deglaciation was almost complete, new suitable sites became increasingly scarce, and the rate of initiation slowed.
Rates of peat accumulation in North American biomes (Dyke, 2005) vary widely and 145 average 0.43 mm yr -1 ( Table 2 ). The overall range is from 0.28 mm yr -1 to 0.65 mm yr -1 .
The range for northerly subalpine forest and tundra is 0.28-0.38 mm yr -1 , for non-tundra forests 0.34-0.51 mm yr -1 , and for dry steppe, savanna, and prairie grassland (only 37 sites) 0.43-0.65 mm yr -1 . Gorham et al. (2003) observed that long-term mass accumulation rates in 21 North American peatlands were inversely related to present-day 150 mean annual precipitation.
Carbon stored in North American peatlands was computed by multiplying the cumulative area of 1,372,000 km 2 (Bridgham et al., 2006) , by the mean depth, 2.49 m, for 1,686 sites ( Fig. 2 ) and carbon content (average bulk density and carbon percentage from Table 3 , which also includes mean depths from other North American peatland studies). 155
The resulting mass is 163 Pg. Gajewski et al. (2001) used Sphagnum spores in North American and Eurasian peat cores to derive a curve (their Fig. 7 ) similar to our Fig. 4 , with total accumulation based on an estimate by Gorham (1991) of 455 Pg for all northern peatlands. Yu (2011) 160 showed a peatland-initiation curve, based on 1,516 basal-peat dates for all northern peatlands, that is similar to our Fig. 3 and to Fig. 12 in Gorham et al. (2007) . Owing to inclusion of Eurasian peatlands, however, his initiation dates peak about 2,500 years earlier than ours.
Discussion
Total carbon accumulated over time, scaled to our calculated value of 163 Pg, reflects 165 the number of peatlands initiated. Because the initiation model (Table 1 , equation 1) fits the data so precisely, it can be used with the carbon sequestration model (Table 1, equations 2 and 3) to estimate total carbon accumulation ( Fig. 4) and to estimate what future accumulation would be without effects of anthropogenic climate change.
Postglacial climate change appears to have had little long-term effect upon reservoir size. 170
The single prominent anomaly was suppression of peatland initiation during the 8,200 BP Cold Event (Gorham et al., 2007) . The Holocene Thermal Maximum, 1.8 +/-0.8 o C above 20 th -century summer temperatures and timetransgressive from northwest North America across to northeast North America between ~12,000 and 5,000 BP (Kaufman et al., 2004) , does not appear to have disrupted carbon sequestration. 175
Mathematically the model (Table 1 , equation 4) involves a convolution (Kecs 1982) , applying the depth/age relationship in reverse to cumulative dates since 20,000 BP. Fig. 4 (solid line with 95% confidence intervals) shows calculated carbon accumulation to have been negligible 15,000 years ago, increasing rapidly after 10,000 BP. The rate of 180 accumulation peaked at 17.3 Tg yr -1 about 2,600 BP and is now 16.1 Tg yr -1 . After 5,000 years the number of peatlands initiated will have increased by 12% and the amount of carbon accumulated by 42%, though the rate of accumulation will have decreased by 31%. These projections provide baselines to assess effects of climate change upon future carbon accumulation in peatlands. They suggest a gradually declining rate in the absence 185 of human interference. Such interference is, however, likely to have profound effects upon both CO 2 and CH 4 dynamics in peatlands (Gorham, 1991 (Gorham, , 1995 Bridgham et al., 1995; Davidson and Janssens, 2006; Ise et al., 2009) . Table 4 provides a range of constraints for carbon mass, calculating them with 190 minimum, mean, and maximum estimates of depth and dry bulk density (Table 3) along with peatland area (Bridgham et al., 2006) and our mean value for carbon content (Table   3 ). Calculated minimum and maximum masses are 74 and 212 Pg. Using mean values for depth and dry bulk density yields 152 Pg, 93% of the estimate (above) based on our data set. Our estimates compare to independent estimates of 178 Pg in North America 195 (Bridgham et al. (2006) , and147 Pg in Canada (Bhatti et al., 2009) . Other large regional estimates are 70 Pg in the West Siberian Plain (Smith et al., 2004) , 214 Pg in the former Soviet Union (Kolchugina et al., 1998) , and 547 Pg in all northern peatlands (Yu, 2011) .
For North American peatlands, dividing total mass (163 Pg) by average age (6,950 yrs) yields an accumulation rate of 23.5 Tg yr -1 , and dividing further by total area yields a rate 200 of 17.2 g m -2 yr -1 . Our annual accumulation rate is a little less than one-third of Yu's (2011) estimate of 74.8 Pg for all northern peatlands. His estimate of 18.6 g m -2 yr -1 is a little greater than ours. As observed by Gorham (1991) , direct measurement (as above) yields accumulation rates distinctly greater than those using models such as that of Clymo (1984) and the model we present. 205
Conclusions
Estimates of carbon sequestration by North American peatlands indicate that they are an important sink, approximately one-quarter of the 615 Pg estimated by Yu (2011) for global peatlands. The chief uncertainty, which needs to be researched, concerns the importance of the Hudson Bay Lowland, one-quarter the size of Ontario and covered 210 largely by fens and bogs developed over the past 7,000 years (Riley, 2003) . Possible underestimation of carbon in thin peats also needs to be studied.
The model we present, illustrating sequestration of atmospheric carbon in peat over the past 20,000 years and into the future, provides information useful for the peatland component of models treating temporal dynamics of soil carbon following the Laurentide 215 deglaciation shown in Fig. 3 (Harden et al., 1992) . For all terrestrial ecosystems (including peatlands), glacial/interglacial change in carbon storage was estimated at 700-1,350 Pg by Sigman and Boyle (1992) , of which the North American peatland carbon pool (especially if projected 20,000 years into the future without anthropogenic climate change) is by itself a substantial proportion. It is the persistence of the global peatland-220 carbon sink that makes it significant climatologically (Frolking and Roulet, 2007) .
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Equations used to model peatland initiation and carbon accumulation 380
Parameters and variables: N(t) is the number of peatlands established at time t; A(tτ) is the area exposed by deglaciation τ years before time t ; r is the intrinsic peatland initiation rate; γ is the average number of sample peatlands supportable per unit area; H(α) is average peatland depth at age α; H* is mean equilibrial peatland depth; a is 385 average height added at the surface per unit time by photosynthesis; b is average height lost in the column per unit time and depth by decomposition; s is the maximal mean rate of increase in peatland height; B is the carbon content of peatlands per unit depth per sample peatland; C(t) the total carbon content of peatlands at time t; and z is a variable of integration. 390 Note: Top-to-bottom rates of peat accumulation vary a great deal over time ( Fig.1) as does the variety of depositional patterns within individual peat deposits, as shown by 395 numerous studies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
